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STREAMING COMPUTER SYSTEM AND METHOD WI TH 
MULTI-VERSION PROTOCOL COMPATIBILITY 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The invention is generally related to the storage and 
retrieval of data from streams, and in particular, to a 
manner of supporting multiple versions of a streaming 
protocol . 
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2, Description of Related Art 

Streaming provides a mechanism for the storage and 
retrieval of persistent data in a computer system, or for 
the transmission of data between computer system modules, 
15 whether or not they are within the same computer system. 

With streaming, data is embedded in data streams that follow 
a predetermined streaming protocol to enable a module that 
receives a data stream to reliably decode and retrieve the 
data therefrom. 

2.0 . Many streaming protocols are designed to support the _ . 

transmission of information between modules irrespective of 
their underlying hardware and/or software platforms. This 
is a particular concern with distributed and open computer 
systems, where computing tasks may be broken up and handled 

25 on multiple computers or multiple applications within a 
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computer by passing objects between the computers or 
applications. With distributed systems, e.g., OMG's Common 
Object Request Broker Architecture (CORBA) , IBM's 
Distributed System Object Component (DSOM) , etc., often the 
underlying platforms may vary, and a module may not be able 
to direct data to a particular computer, or if it can, may 
not be able to detect the underlying platform of the 
receiving computer. Likewise, a module that formats an 
object for transmission to or use by another module in a 
separate application or computer may not be able to detect 
the particular application which will ultimately utilize the 
object, e.g., as with IBM's OpenDoc, Microsoft's Object 
Linking and Embedding (OLE), etc. 

One concern that is raised with respect to such 
streaming protocols is that of release-to-release data 
compatibility. In particular, as computer systems and 
applications are upgraded, streaming protocols may likewise 
be upgraded to support enhanced functionality. The upgraded 
computer systems and applications, however, may still be 
required to communicate with computer systems and 
applications that only support earlier releases, or 
versions, of a streaming protocol. Likewise, the earlier 
versions may be required to communicate with computer 
systems and applications that support the newer versions. 
Since it is often difficult, if not impossible, to detect 
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supported versions of a streaming protocol, some 
incompatibilities may occur. 

Such incompatibilities may be eliminated by upgrading 
all computers and applications in a computer system to 
support the same streaming protocol, but this is often not 
feasible due to cost or control issues. 

Therefore, a significant need exists for a manner of 
ensuring release-to-release data compatibility of streaming 
protocols within a computer system. 



SUMMARY OF THE INVENTION 
The invention addresses these and other problems- 
associated with the prior art in providing a streaming 
protocol whereby subsequent versions of a protocol are 
purely additive relative to earlier versions. When a data 
segment is transmitted as a data stream, a first stream of 
data that is in accordance with a first version of the 
protocol is transmitted, with additional streams of data 
that are in accordance with subsequent versions of the 
protocol appended in sequence to the first stream of data. 
A write module that transmits the data stream appends all 
such streams of data up to and including the stream of data 
that is in accordance with the version of the streaming 
protocol implemented by the write module. 
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At the receiving end, a read module receives the first 
stream of data, as well as each additional stream of data up 
to and including that which is in accordance with the 
version of the protocol that is implemented by the read 
module. If the end of the data segment is detected prior to 
receiving all of the data expected by the read module 
(indicating that the version of the write module was earlier 
than that of the read module) , the read module will detect 
this and handle the prior version of the data segment 
accordingly. Moreover, if the end of the data segment is 
not detected after receiving all of the data expected by the 
read module (indicating that the version of the write module 
was later than that of the read module) , any remaining data 
in the data segment is disregarded. Consequently, forward 
and backward compatibility between streaming protocol 
versions are concurrently supported. 

These and other . features , which characterize the 
invention, are set forth in the claims annexed hereto and 
forming a further part hereof. However, for a better 
understanding of the invention, and of the various 
advantages and objectives attained by its use, reference 
should be made to the Drawing, and to the accompanying 
descriptive matter, in which there is described illustrated 
embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Referring now to the Drawings in which like reference 

numbers represent corresponding parts throughout: 

FIG. 1 is a block diagram of an exemplary hardware 

environment for use with the illustrated embodiments of the 

invention; 

FIG. 2 is a block diagram illustrating the transmission 
of a data stream between write and read modules consistent 
with the principles of the present invention; 

FIG. 3 is a flowchart of a WriteToStream routine 
consistent with the principles of the invention; 

FIG. 4 is a flowchart of a ReadFromStream routine 
consistent with the principles of the invention; 

FIG. 5 is a block diagram of an exemplary data stream 
consistent with the invention; and 

FIG. 6 is a block diagram of another exemplary data 
stream consistent with the invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
In the following description, reference is made to the 
accompanying drawings which form a part hereof, and which is 
shown by way of illustration, embodiments of the invention. 
It is understood that other embodiments may be utilized and 
structural changes may be made without departing from the 
scope of the present invention. 
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Hardware Environment 

FIG. 1 is an exemplary hardware environment used to 
implement an illustrated embodiment of the invention. The 
present invention is typically implemented in a computer 
5 system 5 which may include one or more computers 10, e.g., 
in a stand-alone environment, or, as shown in FIG. 1, in a 
connected network 8. For example, it is over network 8 that 
data streams may be passed between each computer 10. 
Network 8 may be, for example, a LAN, a WAN, or a public 

10 network such as the Internet. 

It is envisioned that attached to each of computers 10 
may be a monitor 14 (e.g., a CRT, an LCD display or other 
display device); and non-volatile storage 16 (e.g., hard, 
floppy, and/or CD-ROM disk drives) . Also included may be 

15 various input devices, for example, a keyboard 12. 

Generally, the computer programs (illustrated at 20) 
which implement the illustrated embodiments of the invention 
are tangibly embodied in a computer-readable medium, e.g., 
one or more of the fixed and/or removable data storage data 

20 devices 16. Under control of computer 10, the computer 

programs may be loaded from the data storage devices 16 into 
the memory of computer 10. The computer programs comprise 
instructions which, when read and executed by computer 10, 
cause computer 10 to perform the steps necessary to execute 

25 the steps or elements of the present invention. 
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Those skilled in the art will recognize that the 
exemplary environment illustrated in FIG. 1 is not intended 
to limit the present invention. Indeed, those skilled in 
the art will recognize that other alternative hardware 
environments may be used without departing from the scope o 
the present invention. 



Software Implementation 

The illustrated embodiments of the invention generally 
provide release-to-release data compatibility over multiple 
versions of a streaming protocol by requiring version 
modifications to the streaming protocol to be purely 
additive, so that a data stream output in accordance with a 
streaming protocol includes data segments sequenced 
according to each version of the streaming protocol up to 
and including the version implemented in the write module 
outputting the data stream. A read module which receives 
the data stream includes forward compatibility by 
disregarding any data related to later versions after all o 
the data up to and including the version of the module has 
been received. Backward compatibility is provided by 
detecting premature end tags and handling the unreceived 
data accordingly. 

As shown in FIG. 2, illustrated embodiments of the 
invention are generally implemented in write modules, such 
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as write module 22 , which output a data stream, and read 
modules, such as read module 24, which receive the data 
stream. It should be appreciated that the read and write 
modules may be software objects or components having one or 
5 more methods or routines that implement the functionality of 
the modules, and that the modules may be resident on the 
same computer, e.g., in different computer programs or 
applications that may communicate via streaming (as in 
OpenDoc and OLE) . Moreover, the read and write modules may 

10 be resident on different computers within a networked 

computer system (e.g., in a distributed computer system such 
as DSOM or CORBA) . Furthermore, the read and write modules 
need not be implemented on the same hardware and/or software 
platf orm . (e . g . , where a write module is implemented on a 

15 UNIX platform and a read module is implemented on a PC 
platform) . 

Data streams consistent with the invention are 
typically tag-delimited and may include data segments which 
represent objects and/or primitive data types. In addition, 
20 aliasing may be supported, whereby special information is 
written to the data stream to enable reconstruction of 
aliased pointers in the event that multiple pointers refer 
to the same data. 

The data streams may be more or less serial, where all 
25 of the information required to reconstruct an object from a 
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data segment is stored within the data segment. 
Consequently, no additional information, e.g., a separate 
database, need be streamed out at the end of a data stream 
as is required with some conventional streaming methods. 
5 Moreover, the data streams need not be random access 
streams, although random access streams may also be 
supported. 

The data streams are output by write modules in formats 
that are dictated by a streaming protocol which may be 
10 revised from time to time, thereby forming a plurality of 
p versions of the streaming protocol. Consistent with the 

invention, revisions to the streaming protocol are purely 
sQ additive, and are appended to one another in sequence. For 

m example, FIG. 2 illustrates a data stream having a data 

* 15 segment 26 which includes, in sequence, streams of data 
FU according to versions 1 to n of a streaming protocol. 

M= A write module may be considered to implement a 

sQ 

particular version of a streaming protocol when the write 
module outputs data in the format dictated by that version 
20 of the streaming protocol. Likewise, data streams are 
received by read modules which expect the data to be 
formatted according to particular versions of a streaming 
protocol. A read module may therefore be considered to 
implement a particular version of a streaming protocol when 
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the read module expects to receive data in the format 
dictated by that version of the streaming protocol. 

FIG. 3 illustrates a WriteToStream routine 50 for 
execution by a write module to stream out a data segment 
5 (here, a particular object) comprising a sequence of streams 
of data. For illustrative purposes, routine 50 may be 
considered to implement a version n of a streaming protocol. 
A corresponding ReadFromStream routine 100, which implements 
a version m of the streaming protocol is shown separately in 
10 FIG. 4. Routine 50 supports object aliasing, whereby 
W subsequent references to objects that have been written to a 

^ stream may be replaced by alias tags, rather than writing 

V additional copies of the object to the stream. However, it 

;^ should be appreciated that support for aliasing may be 

^ 15 omitted in some applications. 

* y Routine 50 outputs a tag-delimited data stream whereby 

object data is preceded by a begin tag and followed by an 
end tag. In addition, alias tags are also used to point to 
the location of information in the data stream that is being 

20 aliased. Each tag may include an identifier field for 
identifying the type of tag, e.g., begin tag, end tag, 
object type tag, object alias tag, object type alias tag, 
etc. Each tag may also include a pointer field that points 
to another location in the data stream. Other tag formats 

25 may be used in the alternative. 
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Routine 50 begins in block 52 by determining whether an 
object type for the object, typeinfo, is stored in the 
current context. Typeinfo provides an object type for the 
object so that the object may be allocated and initialized 
5 (e.g., by calling an appropriate default constructor) to 

recreate the object. The current context is an object that 
maintains a record of the objects and object types therefor 
that have been written to a data stream. Each entry in the 
current context preferably includes an object type for the 
10 object, as well as a pointer to the location of the data in 

M the data stream. It should be appreciated that the current 

W 

^ context may be initialized in a separate routine, or in the 

5? alternative, routine 50 may initialize the current context 

/\ if the routine determines that this has not been so done. 

|L 15 If. the object type is not in the current context, the 

l y object type is saved in the current context in block 54, 

^ then the object type tag is written to the stream. If, on 

the other hand, the object type is in the current context, 

an alias tag is written to the stream in block 58 . The 
20 pointer for the alias tag includes the byte offset in the 

data stream to the object type being referenced by the alias 

tag . 

Next, in block 60, routine 50 determines whether the 
object itself is in the current context. If it is, then an 
25 alias tag, which points back to the first instance of the 
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object in the data stream, may be written to the stream in 
block 62, whereby no further processing is required. The 
alias tag may be configured similar to the alias tag for the 
object type, with the pointer for the alias tag including 
5 the byte offset in the data stream to the object data being 
referenced thereby . 

If, on the other hand, the object is not stored in the 
current context, the object is saved in the current context 
in block 64. Next, in block 64, a begin tag is written to 
10 the stream to delimit the start of the data for the object. 
The pointer for the begin tag may include, for example, the 
byte offset in the data stream to the matching end tag for 
the object. 

H| Next, in block 68, all of the data for the object in 

ill 

? 15 accordance with the earliest (first) version of the 

fy streaming protocol is written to the stream in block 68. 

M= Any additional data for the object that is supported by 

-D 

N subsequent versions of the streaming protocol up to and 

including the version n being implemented by routine 50 is 
20 thereafter appended to this data, as shown by blocks 70-72. 
Data for each version may be appended sequentially in order 
from earliest to latest version, with the current version 
implemented by the routine coming last in the data stream. 
Each separate piece of data, for example, primitive 
25 fields, does not require tagging. Only version tags are 
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required. This provides significant savings in stream 
storage as well as higher read performance. Moreover, 
information to support polymorphic streaming only need be 
emitted when necessary. The source write operation may 
5 determine the type of the object and compare it to the type 
of pointer. Information necessary to support a polymorphic 
read operation need only be stored in the stream if the type 
of object and the type of pointer are different. This 
represents very substantial savings in storage, write 

10 performance and especially read performance. 

Once all of the data for the object is written to the 
data stream, the end tag, which matches the begin tag 
written in block 66, is written to the data stream in block 
74. The pointer for the end tag generally includes the byte 

15 offset to the next tag in the data stream. After the end 
tag is written to the data stream, streaming of the object 
is complete. 

It should be appreciated that routine 50 as shown in 
FIG. 3 is merely a template for streaming out a generic 

20 object, and thus may be provided in a framework or class 

library and modified by a programmer to tailor the routine 
depending upon the particular data structure of an object to 
be streamed out. Typically, blocks 68-72 of routine 50 are 
customized to stream out suitable object data for a specific 

25 object to the data stream. In practice, the object data may 
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vary greatly depending upon the particular object being 
written, as well as the version of the streaming protocol 
being used to stream out the object. 

FIG. 4 illustrates a corresponding ReadFromStream 
5 routine 100 for execution by a read module to read in the 

data segment (here, an object) written to the data stream by 
routine 50. For illustrative purposes, routine 100 may be 
considered to implement a version jh of a streaming protocol. 
Routine 100 begins at block 102 by reading the object 
10 type typeinfo from the data stream. Next, it is determined 
«3 whether the object type is an alias tag in block 104. If it 

^ is, control passes to block 106 to retrieve the object type 

V from the current context. If it is not, control passes to 

;^ block 108 to save the object type in the current context. 

*^ 15 As with routine 50, it may also be necessary to initialize 
jj y the current context if not previously so done. 

^ In either event, control next passes to block 110 to 

: '~~ J - read the next tag from the data stream. Next, it is 

determined in block 112 whether this tag is an alias tag. 
20 If it is, then control passes to block 116 to retrieve from 
the current context the pointer to the previously-created 
object referenced by the alias tag, whereby retrieval of the 
object is then complete. 

Otherwise, control passes to block 114 to allocate and 
25 initialize the object by calling the default constructor for 
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the object based upon its object type received from either 
the data stream or the current context. As noted above, the 
default constructor is the program code that forms a 
template for how to build an object from the forthcoming 
5 data in the data stream. It is the default constructor 

which typically defines what version of a streaming protocol 
is supported, since the default constructor expects to 
receive object data in a predetermined format. Other 
manners of allocating and initializing the object may be 
10 used in the alternative. 
Q Next, control passes to block 118 to read the object 

m data according to the first version of the streaming 

y3 protocol from the data stream. At this time, the data is. 

"N also used to build the object based upon the template 

§ 15 provided by the default constructor. 

fy ' Next, in block 120, it is determined whether the end of 

H the object has been detected, typically by checking if an 

N end tag is received when it is not expected. If so, this 

indicates that an earlier version of the streaming protocol 
20 was used to stream out the object data (i.e., n < m) . In 

this case, control passes to block 122 to initialize (e.g., 
set to null or another default value) all of the object data 
according to each subsequent version of the streaming 
protocol (up to and including the version m implemented by 
25 routine 100) . It may also be necessary to include suitable 
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program code in any other routines that handle the object to 
detect and specially handle the default values. Upon 
completion of initializing the object data, control passes 
to block 134 to save the object in the current context, 
5 whereby streaming in of the object is complete. 

Returning to block 120, if the end of the object is not 
detected, blocks 124-130, which are similar in operation to 
blocks 118-122, read in the object data according to the 
subsequent versions of the streaming protocol up to version 
10 jn implemented by routine 100. Also, between reading in the 

M object data according to each subsequent, premature ends of 

05 

N blocks are detected in order to maintain backward 

W compatibility and initialize any object data not supplied in 

the data stream. 

^ 15 Forward compatibility is provided by block 132, which 

y 

f« skips to the end tag for the object in the data stream if 

^7 the end tag has not yet been reached after reading in the 

^ object data according to version m of the streaming protocol 

(which typically occurs when n > m) . Thus, any object data 
20 supplied for later versions of the streaming protocol is 
disregarded in building the object. However, any skipped 
data may be stored in the current context for later 
retrieval, e.g., as required for aliasing. Control then 
passes to block 134 to save the object in the current 
25 context, whereby streaming in of the object is complete. 
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It should be appreciated that routine 100 is a general 
template for a streaming routine which does not implement a 
first version of a streaming protocol (i.e., m > 1) . To use 
this routine as a template for implementing a first version 
5 of a streaming protocol, blocks 120-130 may be omitted, 
given that the receipt of premature end tags is generally 
not a concern. 

To illustrate the operation of routines 50 and 100 in 
providing forward and backward compatibility, two versions 
10 of a streaming protocol that is implemented as a streamable 
Q class Apple are set forth in Tables I and II below. The 

2 object data for the first version of Apple includes the 

gf instances of two objects: Orange and Banana. The object 

data for the second version of Apple includes a second 
15 instance of the Banana class, fExtBanana. This additional 

n i 

rT object data is appended in the data stream following the 

instances of Orange and Banana. 

V 

The Apple class is a polymorphically streamable C++ 
class. The Orange and Banana classes, which are utilized by 
20 the Apple class, are also polymorphically streamable C++ 
classes; however, the details of these classes are not 
important for an understanding of the invention. 
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class Apple { 
public: 

virtual void writeToStream (IDataStream& toWhere) const; 
virtual void readFromStream (IDataStream& fromWhere) ; 

private: 

Orange *f Oranges- 
Banana *f Banana ; 

}; 

void Apple :: writeToStream (IDataStream& toWhere) const { 
IStreamOutFrame myStreamOutFrame ; 
fOrange->writeToStream (toWhere) ; 
fBanana->writeToStream (toWhere) ; 

} 

void Apple :: readFromStream (IDataStream& fromWhere) { 
IStreamlnFrame myStreamlnFrame ; 
fOrange->readFromStream (fromWhere) ; 
f Banana ->readFromSt ream (fromWhere) ; 



Table I: First Version of Streaming Protocol 
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class Apple { 

public- 
virtual void writeToStream (IDataStream& toWhere) const; 
virtual void readFromStream (lDataStream& fromWhere) ; 

private : 

Orange *f Orange ; 
Banana * f Banana; 
Banana *fExtBanana; 

}; 

void Apple: : writeToStream (!DataStream& toWhere) const { 
IStreamOutFrame my StreamOut Frame ; 
fOrange->writeToStream (toWhere) ; 
fBanana->writeToStream (toWhere) ; 
£ExtBanana->writeToStream (toWhere) ; 

} 

void Apple: : readFromStream (IDataStream& fromWhere) { 
IStreamlnFrame myStreamlnFrame ; 
fOrange->readFromStream (fromWhere) ; 
fBanana->readFromStream (fromWhere) ; 
if (! myStreamlnFrame. atEnd() ) 

fExtBanana->readFromStream (fromWhere) ; 

else 

fExtBanana = NULL; 

} 

Table II: Second Version of Streaming Protocol 
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The writeToStream method for each version of the Apple 
class generally represents the object data writing steps 68- 
72 of routine 50. Similarly, the readFromStream method for 
each version of the Apple class generally represents the 
object data reading steps 118-130 of routine 100. 

Backward compatibility may be illustrated by streaming 
out a first version of Apple and streaming in the second 
version of Apple. Suitable code for streaming out Apple is 
illustrated below in Table III below: 



IDataStream* myDataStream = . . . 

Apple* myApple = new Apple (); 

myApple->writeToStream ( *myDataStream) ; 



Table III: Stream Out Code - Backward Compatibility 



The format of the data stream generated by the above 
20 code is illustrated by data stream 40 in FIG. 5, whereby 

pointers from each tag are represented by arrows pointing to 
the targets of the pointers. It is assumed that none of 
Apple, Orange, and Banana have previously been output to the 
'data stream, and thus, no aliasing is utilized when 
25 outputting the object data for Apple. As discussed above in 
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relation to routine 50 of FIG. 3, when no aliasing occurs, 
the general output to a data stream includes an object type 
tag, a begin tag, the object data, and an end tag. 

Referring to the first version of the Apple class in 
5 Table I, the object data for the first version of Apple 

includes Orange and Banana, and thus the two WriteToStream 
calls made in the WriteToStream method in the Apple class 
correspond generally to block 68 of routine 50 (FIG. 3) . 
Moreover, since this is the first version of the Apple 
10 class, blocks 70-72 are omitted. Each of Orange and Banana 
y also output data in the same general manner as routine 50, 

Z and thus the object data portion of the data stream for 

]jf Apple includes an object type tag, a begin tag, object data, 

^ and an end tag for both Orange and Banana. 

]«. 15 Streaming in of the data stream of FIG. 5 follows the 

:^ general program flow of routine 100 of FIG. 4. Here, the 

*~ statements in the readFromStream method of Table II 

u i t 
: :. : 

^ correspond generally to blocks 118-124 of routine 100, with 

blocks 126-130 omitted since this is the second version of 
20 the Apple class. Here, since the readFromStream method for 
the second version of the Apple class receives the end tag 
for Apple prior to receiving any fExtBanana object, this 
object is initialized to null. 
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Forward compatibility may be illustrated by streaming 
out a second version of Apple and streaming in the first 
version of Apple. Suitable code for streaming out the 
second version of Apple is illustrated below in Table IV 
below. Moreover, to illustrate aliasing, the streaming out 
of an additional instance of Banana is performed following 
Apple. 
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IDataStream* 
Apple* 
Banana * 



myDataStream = . . . 
myApple = new Apple (); 
myBanana - new Banana () ; 



myBanana = myApple . fExtBanana ; 

myApple ->writeToSt ream (*myDataStream) ; 
myBanana ->writeToSt ream ( *myDataStream) ; 



' Table IV: Stream Out Code - Forward Compatibility 



20 The format of the data stream generated by the above 

code is illustrated by data stream 45 in FIG. 6, with 
pointers from each tag represented by arrows pointing to the 
targets of the pointers. Referring to the second version of 
the Apple class in Table I, the object data for the first 

25 version of Apple includes Orange and Banana, and thus the 
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first two WriteToStream calls made in the WriteToStream 
method in the Apple class correspond generally to block 68 
of routine 50 (FIG. 3). The data according to the second 
version of the streaming protocol, fExtBanana , is streamed 
5 out after Orange and Banana, and thus, the last 

WriteToStream call made in the WriteToStream method in the 
Apple class corresponds generally to block 70 of routine 50. 

Also, as may be seen from the data stream of FIG. 6, 
when fExtBanana is streamed out, the object type therefor is 
10 already stored in the current context as a result of 

streaming out f Banana. Consequently, an alias tag for the 
fExtBanana object type is streamed out instead the object 
type itself. 

As an illustration of aliasing, after Apple is streamed 
15 out, myBanana is streamed out. Since both the object type 
and the object itself have been streamed out with Apple, 
both are stored in the current context. Thus, when myBanana 
is streamed out, alias tags for the object type and the 
object are output to the data stream in lieu of the actual 
2 0 object data. 

Streaming in of the data stream of FIG. 6 also follows 
the general program flow of routine 100 of- FIG. 4. Here, 
the statements in the readFromStream method of Table I 
correspond generally to block 118 of routine 100, with 
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• m 

blocks 120-130 omitted since this is the first version of 
the Apple class. When the object data for Apple is read in, 
only Orange and Banana (the data according to the first 
version of Apple) are read in. The readFromStream method 
5 terminates, and the remaining object data in Apple is 

disregarded (see block 132 of FIG. 4). This is implemented 
in the Apple class by virtue of IStreamlnFrame being a 
scoped object whose scope ends after Banana is streamed in. 
A destructor method (not shown) is called when the scope of 

10 IStreamlnFrame ends to skip to the end of Apple. 

Consequently, for data stream 45, the object data between 
the Banana end tag and the Apple end tag may be disregarded 
and skipped, thereby providing forward compatibility for the 
Apple class. This data may, however, be stored in the 

15 current context for retrieval by aliased objects. 

For streaming in the aliased myBanana after streaming 
in Apple , the alias tags for the Banana object type and the 
Banana object itself are read, and then the object type and 
object data are read out from the current context (i.e., as 

20 shown by blocks 108 and 116 of routine 100 in FIG. 4). 
Streaming in of data stream 45 is then complete. 

Various modifications may be made to the illustrated 
embodiments without departing from the spirit and scope of 
the invention. For example, other actions may be taken than 



24 



ST9-96-505 



initializing object data to a null or other default value 
when reading a data stream generated according to an earlier 
version of the streaming protocol. 

Other modifications will be apparent to one skilled in 
the art. Therefore, the invention lies solely in the claims 
hereinafter appended . 
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